Abstract-We study the convergence of European bond markets and the anchoring of inflation expectations in the euro area from 1993 to 2008, using high-frequency bond yield data for France, Germany, Italy, and Spain; some smaller euro-area countries; and a control group comprising the United Kingdom, Denmark, and Sweden. We find that Economic and Monetary Union (EMU) led to substantial convergence in euro-area sovereign bond markets in terms of interest rate levels, unconditional daily fluctuations, and conditional responses to major macroeconomic announcements. Our findings also suggest a substantial increase in the anchoring of long-term inflation expectations since EMU, particularly for Italy and Spain. Finally, we present evidence that the elimination of exchange rate risk and the adoption of a common monetary policy were the primary drivers of bond market convergence in the euro area, as opposed to fiscal policy and the loose exchange rate peg of the 1990s.
I. Introduction
T O what extent has the Economic and Monetary Union (EMU) in Europe been successful? Answering this question requires defining what it means for EMU to be ''successful.'' In this paper, we focus on the monetary union aspects of the EMU, in particular, the extent to which monetary union led to the integration of bond markets across euro-area countries and the effects it had on the anchoring of long-term inflation expectations within those countries. These two dimensions of monetary policy in the euro-area are intimately related because long-term bond yields in any given country are sensitive to financial market expectations about long-run inflation. Indeed, our analysis in this paper focuses on the insights that one can draw about the monetary union and monetary policy from the high-frequency behavior of euro-area bond yields.
First, we investigate to what extent the sovereign bond markets in France, Germany, Italy, and Spain, the four largest euro-area countries, have become integrated along with the unification of their currencies and monetary policies. It is not clear that a common currency and monetary policy necessarily leads to an integrated bond market; for example, differences in default risk across countries or differences in liquidity could imply substantial differences in yield spreads across countries and over time. Indeed, Italy's debt-to-GDP ratio in 2003 was 97%, while France's was 53% and Germany's 38% (OECD, 2005) , implying substantial differences in debt-servicing burdens across these euro-area countries. From 1999 to 2001, average bid-ask spreads for German bonds were 2.49 basis points (bp), with quotes coming from sixteen different dealers per bond, while average bid-ask spreads for Italian bonds were 4.66 bp, with quotes from an average of 6.5 dealers per bond, suggesting possibly important differences in the liquidity of bonds of different EMU countries (Jankowitsch, Mösenbacher, & Pichler, 2006) .
We propose two types of tests for bond market integration in these four countries. The first test looks at the unconditional correlations between yields of different countries. We find strong evidence of convergence in the levels and comovement of yields across countries even for daily changes in yields that might be expected to be substantially affected by idiosyncratic shocks and differential liquidity characteristics. Although the current financial market turmoil has increased spreads and reduced comovement across euroarea yields, due perhaps to differences in risk and liquidity across countries, we show that these spreads are still very small compared to the period before EMU. Moreover, using the United Kingdom as a control country for comparison, we show that this convergence in levels and comovement is unique to the euro-area members, suggesting that this convergence is due to EMU rather than to a more general global tendency toward convergence across all developed countries.
Our second type of test looks at the conditional, as opposed to the unconditional, behavior of bond yields in the euro-area countries. That is, conditional on the announcement of a given piece of economic news, do yields in France, Germany, Italy, and Spain react similarly? In a unified bond market, bonds of different countries (at the same maturity) should respond similarly to the same impulse whether or not there are constant differences in risk or liquidity spreads and whether or not there is bond-specific and country-specific noise. As conditioning variables, we use major macroeconomic announcements in the four euroarea countries, the aggregate euro area, the United Kingdom and the United States. We find that there has been a remarkable convergence and reduction over time in the heterogeneity of euro-area yield responses to these macroeconomic announcements. This convergence process seems to have been strongest just before and after monetary union in 1999, underlining the likely role of monetary union in this process.
Having established evidence in favor of bond market unification, we turn to the question of long-run inflation expectations in the euro-area countries. One desired outcome at the time when EMU was conceived was having countries with less well-anchored expectations, and therefore more volatile financial markets, benefit from a more credible monetary policymaking framework. Following Gürkaynak, Sack, and Swanson (2005) , we therefore ask whether the volatility of very far-ahead forward interest rates has decreased over time. Intuitively, if long-run inflation expectations in a country are well anchored, then its far-ahead forward interest rates should be more stable than if those long-run inflation expectations are not well anchored. We show that the volatility of far-ahead forward rates has decreased significantly in Italy and Spain, to the level of Germany and France (which itself has decreased somewhat), suggesting that the anchoring of long-run inflation expectations in the former two countries has converged to about the same level as the latter two.
EMU has been a multifaceted process with different stages, including exchange rate management, criteria for fiscal policy, and finally monetary union with a single monetary policy. It is therefore difficult to gauge which of these elements has been the most important one in driving bond market convergence in Europe. We nevertheless try to shed light on this question by extending our analysis to the more limited data that we have available for Belgium, Finland, Denmark, and Sweden. The first two of these countries are members of EMU and the last two are not, but Denmark strongly and credibly pegs its currency to the euro while Sweden allows its currency to float freely. This extension not only confirms the robustness of our results for the four largest EMU members, it also helps to shed light on the mechanisms of the convergence process by showing that Danish yields are now indistinguishable from EMU member countries' yields, while Swedish yields continue to behave very differently.
Our analysis of convergence of bond yields and longrun inflation expectations in the euro area draws on several strands of the literature. Baele et al. (2004) is an early contribution that studied the convergence in the government bond markets of EMU member countries with lower (monthly) frequency data; our tests for bond market integration at a daily frequency thus represent a much stricter test for unification. Since Baele et al., a number of other studies have found significant differences in yield spreads across euro-area countries even after EMU due to either differences in credit risk (Codogno, Favero, & Missale, 2003; Manganelli & Wolswijk, 2009 ) or liquidity (Gómez-Puig, 2006 Jankowitsch et al., 2006; Favero, Pagano, & von Thadden, 2010) .
1 Relative to these studies, our contribution is to look at high-frequency, daily bond market data over a long time series to investigate the extent of bond market convergence in EMU countries. Such a comprehensive study using daily data has not been carried out previously because daily yield curves for some of our countries are not generally available. Our paper also studies the convergence and anchoring of long-term inflation expectations in the euro-area by analyzing the behavior of far-ahead forward interest rates. In this respect, we build on the work of Gürkaynak et al. (2005) for the United States and Gürkaynak, Levin, and Swanson (2010) for the United States, United Kingdom, and Sweden. Those studies find that far-ahead forward interest rates in the United States respond significantly to macroeconomic announcements, while those in the United Kingdom and Sweden (both inflation targeters) are much less responsive, suggesting a better anchoring of long-term inflation expectations in the latter two countries. Ehrmann, Fratzscher, and Rigobon (2005) show that euro-area macroeconomic announcements do not have significant effects on United States financial markets, while show that the effects of United States macroeconomic announcements on European financial markets have increased since the advent of EMU, which they relate to financial market learning. Goldberg and Klein (2005) study euro-area interest rates in the immediate aftermath of EMU and show that their response to United States inflation surprises changes over this period, which they interpret as the ECB's gaining greater credibility in financial markets after its inception.
Although not directly related to our bond market analysis, there are also a few studies of how capital flows and equity market returns have converged in the euro-area due to EMU (Coeurdacier & Martin, 2009; Fratzscher & Stracca, 2009) , and a literature on the effects of the euroarea customs union on the goods market, which finds mixed evidence on convergence. For example, Canova, Ciccarelli, and Ortega (2007) find that business cycles have not become more aligned in euro-area countries after EMU while Rogers (2007) finds that price dispersion across these countries has diminished. Lane (2006) contains an accessible summary of the general convergence after the EMU, in real and financial sectors and well as labor mobility.
The remainder of our paper is organized as follows. Section II describes the data, including the yields, the macroeconomic surprises as conditioning variables, and the choice of subperiods around the advent of EMU. Section III contains the results of the tests of convergence, and section IV presents evidence on the anchoring of long-term inflation expectations. Section V extends the analysis to smaller EMU and non-EMU countries and discusses possible sources of yield curve convergence. Section VI offers a general discussion of the findings and concludes. An online data appendix, available at http://www.mitpressjournals.org/doi/ suppl/10.1162/REST_a_00055, provides a detailed description of all the data used in our analysis.
1 There has been a discussion whether the ECB's collateral policy leads market participants to ignore differences in national sovereign default risk. The ECB has classified assets that can be used as collateral in its regular monetary policy operations, assigning specific ''valuation haircuts'' to each category. These haircuts specify a percentage discount that is applied to the market price of an asset when used as collateral. The discussion focused on the fact that government bonds from all national central governments have been classified in the same category. Buiter and Sibert (2006) argued that this will effectively turn them into perfect substitutes, such that markets ignore country-specific default risk. Issing (2005) , on the other hand, argued that the ECB values any asset that is taken as collateral at market values, such that a differentiation according to default risk is already incorporated. The evidence of Manganelli and Wolswijk (2009) suggests that government bond yield spreads do in fact depend on the rating of the underlying bond.
II. Data
A detailed account of all the data used in our analysis is presented in the online data appendix that accompanies this paper, but is briefly summarized here. The basic data we employ are daily zero-coupon government bond yields for a number of European countries. We study these data in terms of their levels, their unconditional variances and covariances, and their conditional responses to major macroeconomic announcements in Europe and the United States.
A. Yields
In order to compare apples to apples in our analysis, we require bond yield data that are as comparable as possible across all of our countries. This requires data from a zerocoupon yield curve for each country, which removes differences in coupon rates, bond maturities, and individual bond idiosyncrasies across countries and allows a clean comparison of yields from one country to another (see Gürkaynak, Sack, and Wright, 2007 , for additional discussion).
We obtained daily zero-coupon yield curve data for Belgium, Finland, Germany, Spain, and Sweden from the Bank for International Settlements in Basel (which collects these data directly from each country's central bank), daily yield curve data for the United Kingdom from the Bank of England, and daily yield curve data for Denmark from the Danmarks Nationalbank. Similar yield curve data for France and Italy for the time periods we were interested in are not available from the BIS or other sources, so we computed the yield curves for these two countries ourselves using bond market price data from Bloomberg Financial Services and the methods employed by Gürkaynak et al. (2007) for the United States (the other yield curves in our sample are estimated using very similar methods by the central banks themselves). Because of the distribution of bond maturities available from Bloomberg, short-term (less than five-year) yields for France and Italy are reliable only beginning in 1995, while five-year and longer rates for these countries and all yields for Germany, Spain, and the United Kingdom go back to at least 1993. The yield curve data for Belgium, Finland, Denmark, and Sweden, which we use for robustness checks, begin in 1999.
B. Macroeconomic Announcements
For our conditional analysis of bond market responses, we examine the high-frequency response of bond yields to major macroeconomic data releases in each of France, Germany, Italy, Spain, the euro area as a whole, the United Kingdom, and the United States. However, it is not enough to use the raw macroeconomic data releases themselves as explanatory variables because financial markets are forward looking and thus should not respond to the component of these announcements that are expected (Kuttner, 2001 , confirms this hypothesis for the case of monetary policy announcements in the United States). Thus, we wish to construct the unexpected or surprise component of each of our macroeconomic data releases and use these data release surprises as the conditioning variables for our bond market analysis.
We compute macroeconomic data release surprises as the realized value of the macroeconomic data release on the day of the announcement less the financial markets' expectation for that realized value. We obtained data on financial market expectations of major macroeconomic data releases from two sources: Money Market Services (MMS) and Bloomberg Financial Services (we use the median response of the respective polls as our measure of market expectations, as is standard in the literature). Details of these data are provided in the data appendix. Andersen et al. (2003) and others have verified that these data pass standard tests of forecast rationality and provide a reasonable measure of ex ante expectations of the data release. We verified that this is the case for our data as well.
To make our regression coefficient estimates comparable across different data releases, we normalize each series by its sample standard deviation, so that the regression coefficient on each series can be interpreted as a response per 1-standard-deviation surprise. For example, on October 21, 1998, the German IFO index was expected to come in at 97, but the released value was 94; since the historical standard deviation of the surprise in this data release is 1.16, we record this as a surprise of À2.58 standard deviations for that statistic on that date.
Two additional issues regarding the macroeconomic data surprises bear further discussion. One is availability, as most of the surprises for Italy and Spain in our sample are available only from the beginning of 1997 onward, and euro-area aggregate data releases are generally available beginning only in 1999. Moreover, after the introduction of the euro, national monetary aggregate data cease to exist, so only the euro-area aggregate and its surprise component are available to us from that date onward. Table A1 in the online appendix lists all of the macroeconomic data surprise series we have used and the dates for which they are available.
The second issue is that European bond yields often react very little to euro-area aggregate data releases due to the fact that these releases aggregate information that has already been made public by the individual euro-area member countries.
2 For this reason, we include United States and United Kingdom surprises as explanatory variables in our analysis as well. This has the added benefit that these series are often available over a long history, typically for as long as our bond yield data are available. Note that using foreign surprises here does not create a problem for studying bond market integration. Being agnostic on why United States surprises move European yields, we assert only that if one country's yields are responding to a given data surprise, others' should as well if bond markets are integrated.
C. Sample Periods
A final point relates to our choice of sample and subsample periods. The decision to have a monetary union within the EU was agreed on in the Maastricht Treaty in February 1992. However, in September 1992, the ERM (exchange rate mechanism) crisis led several countries to devalue their currencies and drop out of the exchange rate system. We thus begin our sample in 1993 to make sure the results are not driven by the very high volatility in the immediate aftermath of the ERM crisis, although there was still some currency volatility and uncertainty in subsequent years. In May 1998, the eligible countries for inclusion in the monetary union were announced, and on January 1, 1999, the exchange rates for the countries entering monetary union were irrevocably fixed and the euro was introduced. Our data extend through June 2008, which implies that our analysis includes about a year of the financial market turmoil beginning in 2007.
Given this time line, we use January 1993 through December 1998 as our pre-EMU sample and January 2002 through June 2008 as our post-EMU sample. We begin the latter sample in 2002 to make sure that we are not capturing effects of the initial period of evolving credibility of the ECB, as Goldberg and Klein (2005) argued.
We check these subsample choices more formally using an Andrews-Ploberger (1994) test to detect the precise date of structural changes in the yields of euro-area countries. For this purpose, we regress French, Italian, and Spanish bond yields on the comparable-maturity German yield and a constant-a regression to which we return in more detail in section III. Breakpoint tests for each country and bond maturity, reported in Ehrmann et al. (2008) , always find a highly significant structural break in the data occurring before January 1, 1999, and typically in 1996 or 1997, which suggests that financial markets anticipated the beginning of monetary union well before the unification officially took place. Instead of January 1, 1999, we therefore could have used an earlier date as the end of our pre-EMU sample, but we chose to remain with the formal introduction of the euro. Note that by not choosing an earlier break point, we bias our results against our hypotheses: we may be including data points where bond markets had already converged, so we should find weaker evidence for bond market integration in our comparisons of the pre-and post-EMU periods. Moreover, we stress that our results are insensitive to variations in the start and end dates of the two subsamples. In particular, starting the pre-EMU sample in 1994 or choosing an earlier start date for the post-EMU sample does not change our conclusions below.
III. Convergence of Yields
We begin by investigating the degree to which yields of different maturities have converged across our four large euro-area countries-France, Germany, Italy, and Spainfor which we have a long time series of daily yields. Given that a high degree of sustainable convergence was a prerequisite for entry into the monetary union, finding some degree of convergence in yields before the European Central Bank (ECB) came into existence is to be expected. Our interest is in the timing and the extent of this convergence. We first study the yields across countries unconditionally and then look at the conditional correlations, using major macroeconomic data release surprises as the conditioning variables.
A. Unconditional Results
To study whether and when the government bond markets in France, Germany, Italy, and Spain integrated with EMU, we focus on the daily behavior of bond yields in these four countries. The advantage of using such highfrequency data for our analysis is that it sets a higher standard for bond market convergence: at lower frequencies, it is more likely that some degree of cross-country arbitrage will reduce interest rate differentials across those countries and make those bond markets appear more similar. That is, finding convergence in financial markets using monthly data is more likely than finding it in daily data. Our results therefore extend those in the literature by studying higherfrequency data as well as an extended sample period.
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The evolution of daily yield curves for each of our four euro-area countries is summarized in figure 1 , the central figure of this section. The top panel of the figure depicts the two-year bond yields at daily frequency. At the beginning of the sample period, the German two-year yields are the lowest, with the French yields slightly above them. The Spanish and Italian two-year yields are five to six percentage points higher than the other two. The most striking feature of the graph is the speed and extent of the convergence of yields. The French and German yields had become essentially identical by 1997, and the Spanish and Italian ones joined them by 1999. The lines for the four countries are indistinguishable from then on. This is striking precisely because we are using daily data. There is not a single day after 1999 on which the two-year yield on government notes was noticeably different in one of the countries compared to the others. That is, the shortterm bond markets in these countries were unified to the extent that any deviations across countries appear to have been arbitraged away on a daily basis. Note, importantly, that convergence had taken place even before monetary union had actually taken place. That is, the expectation of unification unified the sovereign bond markets, which was also suggested by the results of the structural break point test discussed in the previous section.
To ensure that this convergence is due to EMU and is not an artifact of broader convergence in the yields of industrialized European countries, figure 1 also includes the twoyear yield from the United Kingdom, an EU member that is not a member of the euro area. The United Kingdom twoyear yield clearly stands out in the figure, suggesting that convergence in rates did indeed happen because of the monetary union and not because of other global or regional factors that were leading to convergence across developed countries' financial markets more generally.
The middle panel of figure 1 repeats the analysis using five-year yields. We have data on five-year yields for all of our countries going back further, to 1993, but the results are very much the same as for two-year yields. Finally, the bottom panel of the figure depicts ten-year yields, which shows slightly more variation across countries in long-term interest rates-in particular, the Italian ten-year yield has been a touch higher than the others in the recent past-but this difference is tiny compared to the differences before 1999.
We present three kinds of statistical measures to quantify the extent of the convergence that is so visually striking in figure 1. First, we look at the raw correlations of yields of the same maturity between different countries for the pre-EMU (1993 ( -1998 ( ) and post-EMU (2002 samples. Second, we show regression results for each country's yields regressed on German yields of the same maturity in each of the two sample periods. (We pick German yields as a benchmark because Germany and the deutsche mark had functioned as the anchor during the run-up to monetary union.) Third, we provide evidence from principal component analysis.
The results of the first two tests are reported in tables 1 and 2. The correlation analysis confirms the visual impression and earlier results for lower-frequency data in that the correlations between the yields of France, Germany, Italy, and Spain have increased significantly after EMU-in fact, almost all of these are .99-while the correlations of the yields of these countries with those of the United Kingdom have decreased. 4 The R 2 statistics of the regression of each country's yields on German yields in table 2 reinforce the raw correlations. Interestingly, the proportion of the variance that these simple regressions can explain appears to be even larger than those reported in Baele et al. (2004) , especially for the shorter maturities, suggesting that convergence has strengthened over the most recent years covered FIGURE 1.-TIME SERIES OF CONSTANT-MATURITY YIELDS 4 Throughout the paper, we study unconditional relationships in levels and conditional ones in changes. This is to make the results comparable to the corresponding literature; for example, level/slope/curvature decompositions of the yield curve (which we study in table 3) always refer to yields in levels, while event study regressions (which we study in table 4) look at changes in yields in response to news. Our conclusions regarding bond yield convergence would be broadly similar if we presented the unconditional analysis in changes as well. Those results are not presented here in the interest of space, but are available from the authors on request; some sense of them can also be gleaned from table 4.
Almost all of the changes in correlation coefficients across samples are statistically significant because with daily data, we have very large numbers of observations in each sample, leading to very precise estimates. Note that the correlation coefficients are estimated over the sample for which data exist in all countries, effectively making the early sample for the two-year yield the 1995-1998 period.
in our sample. This is particularly striking given the fact that we analyze daily frequency data, which one would expect to show less comovement than data at lower frequencies. The slope coefficients in table 2, which were quite far from unity prior to EMU, have become economically indistinguishable from unity across the four countries after EMU, while the coefficients in the regressions involving the United Kingdom have continued to have slopes of vary- Boldface entries are statistically significantly larger (at 1%) than their counterparts in the pre-EMU or post-EMU sample.
ing magnitudes. 5 Consistent with the convergence hypothesis, the constants in the regressions have also shrunk toward zero from the pre-EMU to the post-EMU sample.
Another way to think about bond market unification is that it implies there will be a single latent factor that underlies yields of the same maturity across all of the countries in our sample. We explore this implication using principal components analysis. For any given maturity (say, the twoyear yield), let X denote the T Â 4 matrix with rows corresponding to days and columns corresponding to countries. X can be written as
where F is a T Â k matrix of unobserved factors (with k < 4), L is a k Â 4 matrix of factor loadings, and g is a T Â 4 matrix of white noise disturbances. The hypothesis that sovereign bond markets are integrated is a statement that there exists a T Â 1 vector F and constants k i , i ¼ 1,. . .,k, such that the matrix X is described by F Â [k 1 ,. . .,k k ] up to white noise. Table 3 reports the percentage of total variation of each maturity that is explained by the first two principal components. The factor loadings (not reported here for brevity, but available in Ehrmann et al., 2008) show that the first factor loads evenly on all countries (the common factor), while the second factor differentiates Italy and Spain from France and Germany (it loads positively on France and Germany and negatively on Italy and Spain). In the pre-EMU period, the second factor explains a nonnegligible part of the total variation at all maturities, whereas in the post-EMU period the first, common factor explains essentially all of the variation. That is, the factor analysis implies that after EMU, there is a single latent factor-in effect, a euroarea-wide factor-that describes the behavior of yields in all four countries, suggesting that with the monetary union bond markets across the countries have become completely integrated.
The results in this section show, visually and statistically, a remarkable convergence in bond yields of the four largest euro-area countries around the time of the monetary union. We next move from the unconditional results to the conditional ones and ask how the responses of the yields of different euro-area countries to data surprises have changed from before monetary union to after.
B. Conditional Results
Our finding of unconditional convergence in bond yields above could come about in two different ways. First, bond markets may have reacted similarly to shocks during both the pre-EMU and post-EMU periods, but country-specific idiosyncratic shocks were much more important in the pre-EMU period and common shocks more important after EMU. The diminishing importance of country-specific idiosyncratic shocks would then show up in the bond markets as convergence. Alternatively, common shocks may have been equally important in both the pre-EMU and post-EMU periods, but bond markets in each country may have reacted differently to these common fundamental shocks before EMU and more similarly after EMU. To investigate more fully the type of convergence that has taken place, we now analyze the conditional movements in bond yields in our four countries in response to major macroeconomic data releases.
Our regression specification for this analysis is
where Dy t i,j denotes the daily change in the yield of maturity j (j E {2, 5, 10} years) of country i (i E {France, Germany, Italy, Spain}) on date t. We have surprise data from six countries and the euro-area (k E {France, Germany, Italy, Spain, U.K., U.S., euro area}), and there are L k data series used from each of these, indexed by l (l E{CPI, Unemployment, etc.}). In regression specification (1) and throughout the paper when we do conditional analysis, we restrict our sample to days on which there was at least one major macroeconomic data release. This focuses the empirical analysis on those days for which we have nonzero explanatory variables, but expanding the sample to include all days (whether or not there was a data release) does not have a substantial impact on any of the results below. Contributions of first and second principal components (PCs) to the cross-sectional variance of bond yields across France, Germany, Italy, and Spain. The first PC is a common factor that loads about equally on the four countries; the second PC differentiates France and Germany from Italy and Spain (that is, it loads positively on France and Germany and negatively on Italy and Spain). See text for details.
Due to data availability, we have more data surprises for the United States than for any other country, but this does not present any particular difficulties because United States macroeconomic data releases are known to significantly affect financial markets in Europe as well as in the United States (Andersen et al., 2007; . Note that due to data availability, not all of the data releases we consider were present in both the pre-and post-EMU samples.
Regression results from specifications using the complete set of all 37 of our data release surprises are not presented to save space and because most of those coefficients are not statistically significant anyway, especially for European macro data announcements in the pre-EMU period. Therefore, table 4 reports results from a more parsimonious specification that uses a subset of the available macroeconomic announcements: the most important U.S. data releases (as found by Fleming & Remolona, 1999) , the CPI inflation releases for each of the four euro-area countries, and the M3 growth rates for Germany and the euro area as a whole (which may be expected to matter because of the emphasis placed on monetary aggregate growth rates by the Bundesbank and then by the ECB). The most important point of table 4 is that before EMU, there were no cases where all countries' yields responded significantly to the same data release. One could use this as a definition of market segmentation-prices are not moved by the same common fundamentals.
7 By contrast, after EMU yields of euro-area countries react in a much less heterogeneous manner to macroeconomic announcements. In table 4, this is especially the case for the major releases of U.S. ISM, U.S. nonfarm payrolls, and the German CPI and IFO index. The direction and size of the responses to these releases are as one might expect: surprises in all of these procyclical releases lead to higher yields in all countries. Moreover, the sizes of the responses are similar to what was found in the United States for comparable releases by Gürkaynak et al. (2005) .
This point is illustrated graphically in figure 2. To construct the figure, we perform rolling four-year regressions of the same form as in table 4 and equation (1). For each of the nine macroeconomic series listed in figure 2 (U.S. nonfarm payrolls, U.S. ISM, and so on), we plot at each point in time the cross-country standard deviation of the response coefficients b i;j k;l estimated over the trailing four-year window. (Thus, when the coefficients b i;j k;l differ greatly across our four countries, the cross-sectional standard deviation plotted in figure 2 is higher.) This procedure allows us to visualize the evolution over time of the cross-country het- Standard errors in parentheses. *Significant at 10%. **Significant at 5%. ***Significant at 1%.
6 To conserve space, table 4 reports results only for the response of two-year yields to macroeconomic releases. Results for five-and ten-year yields are similar and are reported in Ehrmann et al. (2008) . 7 It is worthwhile repeating that the inference we want to draw at this point is not about the direction of the effect that a given release exerts on financial markets. Positive U.S. surprises, for example, may increase or decrease yields in other countries, and we do not take a stand on why a given release has a particular sign. Our test is simply that if an announcement has an effect on the yields of one country, it should have an effect in the same direction and of a similar magnitude on the yields of other countries if bond markets are unified. erogeneity in yield responses with a single aggregate measure.
As in table 4, there is clear evidence in figure 2 of convergence in the response patterns of yields in our four euroarea countries to these macroeconomic announcements. Moreover, this convergence process seems to have been strongest just before and after monetary union in 1999, underlining the likely role of monetary union in this process.
To summarize, the evidence in table 4 and figure 2 suggests that the unconditional convergence in euro-area bond yields documented in the previous section cannot be attributed simply to a reduction in the importance of idiosyncratic, country-specific shocks in those countries over time.
Instead, there appears to have been a remarkable convergence in the response of euro-area yields even conditioning on individual macroeconomic data releases. The timing of this convergence-and the fact that it did not occur in non-EMU countries such as the United Kingdom-suggests that EMU itself was a direct cause. Bond market convergence appears to have taken place in both an unconditional and a conditional sense, where we have used major macroeconomic announcements as conditioning variables.
IV. Anchoring of Long-Term Inflation Expectations
We now investigate the anchoring of long-run inflation expectations in the euro area and the benefits that some of those countries might have realized from entering the monetary union. In previous work, Gürkaynak, Sack, and Swanson (GSS, 2005) and Gürkaynak, Levin, and Swanson (GLS, 2010) used long-term bond yields to investigate the anchoring of inflation expectations in the United States, United Kingdom, and Sweden, and we build on their analysis here. In particular, in standard macroeconomic models in which the steady-state inflation objective of the central bank is constant over time and known by all economic agents, short-term interest rates should return within a reasonable time to steady state after a macroeconomic shock, so that these shocks have only transitory effects on the future path of interest rates. As a result, one would expect only a limited response of long-term interest rates to these disturbances. Putting this prediction in terms of forward rates, one would expect virtually no reaction of far-ahead forward interest rates to such shocks.
A. Far-Ahead Forward Interest Rates
Conceptually it is perhaps easiest to think about the term structure implications of shocks in terms of forward rates rather than yields. For a bond with a maturity of m years, the yield r t (m) represents the rate of return that an investor requires to lend money today in return for a single payment m years in the future (for the case of a zero-coupon bond). By comparison, the k-year-ahead one-year forward rate f t (k) represents the rate of return from period t þ k to period t þ k þ 1 that the same investor would require to commit at time t to a one-year loan beginning at time t þ k and maturing at time t þ k þ 1. The link between these concepts is simple: an m-year zero-coupon security can be viewed as a sequence of one-year forward agreements over the next m years. The k-year-ahead one-year forward rate f t (k) can thus be obtained from the yield curve by the simple definition:
Intuitively, the difference between the nine-and ten-year yields depends on the expected yield for the tenth year, and this can be recovered through the formula above. The advantage of using forward rates rather than yields is that they serve as a proxy for expectations of future values of the short-term interest rate, up to a (possibly timevarying) term premium. If the term premium moves relatively slowly over time, then the discussion in the previous section (and the analysis in GSS and GLS) suggests that far-ahead forward interest rates should be unresponsive to news if long-term inflation expectations are well anchored.
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If EMU improved the anchoring of long-term inflation expectations in our four euro-area countries, this should be reflected in a reduced volatility of far-ahead forward interest rates and their responsiveness to shocks. While it is possible to investigate this implication both unconditionally and conditionally on data surprises as in the previous section, here we present findings only from the unconditional analysis. This is because anchoring is tested by the absence of systematic response of far-ahead forward rates to data surprises, and since there is very little systematic response to anything in the pre-EMU period (table 4), the conditional analysis does not add more information to the unconditional one regarding the anchoring question.
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Given our interest in studying long-run inflation expectations, we focus our analysis on the longest maturity for which we have high-quality bond yield data across all of our countries. The exceptional depth and liquidity of the markets for government securities around the ten-year horizon suggest focusing on the one-year forward rate from nine to ten years ahead (that is, the one-year forward rate ending in ten years). As shown in GSS and GLS, this horizon is long enough for standard macroeconomic models to essentially return to steady state, so that any movements in forward interest rates at these horizons are very difficult to attribute to transitory responses of the economy to a shock.
B. The Behavior of Far-Ahead Forward Interest Rates in EMU Countries
Studying the simple summary statistics for far-ahead forward interest rates in France, Germany, Italy, and Spain turns out to be very instructive. Table 5 reports the means and standard deviations of forward rates for each of these countries in the pre-and post-EMU periods. While the fall in the mean of these rates for Italy and Spain is impressive, our primary interest here is in their variability. Remarkably, the variability of far-ahead forward rates in Italy and Spain is twice as large as that in France and Germany prior to EMU, while the forward rate variance in all four countries is essentially identical after EMU. While the forward rates of France and Germany become considerably better anchored (less variable) after EMU, 11 the improvement in the stability of forward rates in Italy and Spain is even more dramatic. Thus, it seems that the latter two countries benefited substantially from joining the euro area not only in that the levels of their forward rates declined, but also in that the variability of those rates fell substantially and converged to that of France and Germany.
Another way of making this point is through factor analysis. When yields of different maturities are decomposed Mean and standard deviation of one-year forward interest rate from nine to ten years ahead, daily data. See text for details.
8 If we observed zero-coupon yields directly, computing forward rates would be as simple as this. In practice, however, most government bonds make regular coupon payments, and thus the size and timing of the coupons must be accounted for to translate observed yields into the implied zero-coupon yield curve. Note also that our yield curve data are all quoted on a continuously compounded basis, which implies that our forward rate data are given by f ðkÞ t ¼ ðk þ 1Þr ðkþ1Þ t À kr ðkÞ t rather than the equation in the text, which is for annually compounded yields.
9 GSS and GLS present evidence that suggests that the risk premium does not vary substantially at daily frequencies in their data sets. Several papers in the macro-finance literature, such as Cochrane and Piazzesi (2005) and Piazzesi and Swanson (2008) , have also suggested or found evidence that risk premiums move primarily at business cycle frequencies.
into factors, it is standard to find a ''level'' factor that moves yields of all maturities in the same direction and by about as much, and a ''slope'' factor that rotates the yield curve. 12 We ask how much of the variability in two-to ten-year yields is explained by each of these factors in the four countries before and after EMU. Table 6 presents the results.
In the pre-EMU period, both the level and slope factors affected the yields of France and Germany, with a dominant weight on the level factor (the first factor in table 6), similar to the United States and United Kingdom (not reported). In contrast, Italy and Spain in this period had only one factorthe level factor-influencing their yields, as this factor explains essentially all of the variation in yields of all maturities. That is, almost all movements in the yield curve that changed short-term interest rates were typically seen as level shifts, or permanent changes, affecting the long end of the yield curve by about as much as the short end. Thus, this evidence suggests a very low level of anchoring of long-term interest rates in Italy and Spain in the pre-EMU period.
After EMU, however, the weights on the level and slope factors for Italy and Spain begin to look much more like those of France and Germany. Moreover, the slope factors (the second factors in table 6) in all four countries appear to have become more important after the advent of EMU. Thus, not only did the variability of far-ahead forward rates decrease significantly in Italy and Spain after the monetary union, they also became less closely tied to short-term rates, implying a lesser degree of pass-through from the short-term interest rate outlook to expectations about interest rates in the distant future. By this metric, it appears that Italy and Spain obtained a much better anchoring of long-term interest rates and inflation expectations as a result of entering the monetary union. Not only does EMU appear to have brought about convergence in bond markets, it has done so in a way that reflects central bank credibility in member countries.
V. Extensions and Discussion
In addition to France, Germany, Italy, Spain, and the United Kingdom, we were able to obtain daily yield curve data for Belgium, Finland, Denmark, and Sweden for a subset of our sample period. Belgium and Finland have been euro-area members since the birth of the euro on January 1, 1999, while Denmark and Sweden have been European Union members but have not joined (and are not currently scheduled to join) the euro area. Denmark strongly and credibly pegs its currency to the euro and its monetary policy to the ECB, while Sweden allows its currency to float freely and pursues an independent monetary policy.
These four additional countries allow us to check the robustness of our basic results and to better identify the sources of bond yield convergence in the EMU. Belgium and Finland allow us to check whether smaller EMU members benefited to the same extent as the largest ones. Denmark and Sweden, because of their different exchange rate and monetary policies, provide two additional control countries that help to shed light on which aspects of EMU have been the most important for bond yield convergence in the euro area.
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A. Results for Smaller EMU and Non-EMU countries
The data we have for Belgium, Finland, Denmark, and Sweden do not extend all the way back to the early 1990s, so we cannot study the entire process of EMU convergence for these four countries. However, we do have data for all of these countries since at least 2003, so we can observe and compare to what extent convergence and bond market integration have actually taken place. Figure 3 plots the time series of yields across these four countries, together with those of Germany as a benchmark for comparison. The convergence of the Belgian, Finnish, and Danish yields to those of Germany is striking. So is the lack of convergence of Sweden.
Note that Swedish yields at the ten-year maturity are quite close to those of the EMU members and Denmark. Sweden has followed a very successful inflation targeting monetary policy for more than a decade, and Gürkaynak et al. (2010) present evidence that the Swedish Riksbank's inflation-targeting framework has anchored long-run inflation expectations in that country quite well. It is thus not too surprising that the euro area and Sweden have similar long-term bond yields, since both have successfully anchored long-run inflation expectations at similar levels. 12 Sometimes researchers will also consider a third interest rate factor called ''curvature.'' However, over our sample period for all of the countries in our analysis, the curvature factor explains only a tiny fraction (less than 1%) of the variance of yields. Since that factor is not economically significant over our sample period, we omit it from the discussion for simplicity. 13 The United Kingdom served as a control country in our analysis above, but the United Kingdom is a large country that has other systematic differences from continental Europe, such as closer trade ties to the United States and more laissez-faire labor market policies. Denmark and Sweden are more similar to continental Europe and are very similar to each other, and thus may provide a better set of controls for comparison.
Instead, the differences between Sweden and the euro-area countries are most apparent at shorter maturities. Figure 1 shows that this same observation also holds true for United Kingdom yields (as discussed in GLS, the United Kingdom is another successful inflation-targeting country). Table 7 quantifies and corroborates the observations above by regressing bond yields for each of these four smaller European countries on German yields of the same maturity. As one would expect from figure 3, regressions of Belgian, Finnish, and Danish yields on those of Germany give estimated constants close to 0, slope coefficients near unity, and very high R 2 statistics, while none of these is true for Swedish yields. We do not report results for the complete battery of tests run in the previous section in the interest of space, but these results are very similar and further corroborate the evidence in figure 3 and table 7. 14 Clearly, bond yield convergence was a general phenomenon in the euro area that applied to smaller as well as larger EMU members, and even to Denmark, a country that is not officially part of EMU. The Maastricht Treaty laid the foundation for monetary union in 1992, but it also mandated a loose exchange rate peg and required basic convergence of fiscal policies in order for countries to be eligible to enter into the union. To what extent, then, is the convergence in long-term bond yields that we see in figures 1 and 3 a result of monetary union, the loose exchange rate peg leading up to the union, or a reduction in default risk through fiscal policy convergence?
The pre-EMU exchange rate peg is probably unable by itself to explain the bond yield convergence in figures 1 and 3. Although the Maastricht Treaty originally required countries to keep their exchange rates within a band of plus or minus 2¼% of each other, the ERM crisis in September 1992 led to this aspect of the treaty being revised to allow fluctuations of plus or minus 15%, a much wider band. Because of the tremendous width of this band, exchange rate risk for EMU countries remained quite high in the runup to EMU. Moreover, the timing of bond yield convergence in figure 1 does not seem consistent with the 1990s exchange rate peg playing a major role: for example, from the onset of the ERM crisis to the loosening of the peg on August 2, 1993, bond yield spreads across countries did not widen further, counter to what one would expect if ERM were the dominant factor keeping yields close. Moreover, from August 1993 through the end of 1998, the exchange rate band was unchanged at AE15%, yet cross-country yield spreads both rose and fell substantially over this period, again suggesting that the pre-EMU exchange rate peg was not the main driving force.
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This is not to say that exchange rate policy is unimportant. Denmark has not adopted the euro per se and is not a member of EMU, but its exchange rate and monetary policy are pegged so tightly to the euro and the ECB that the exchange rate risk between the two currencies has been minimal. As we saw in figure 3, Denmark's bonds display a very high degree of integration with those of the euro area, while Sweden-which has many similarities to Denmark but a flexible exchange rate and independent monetary policy-does not display nearly the same degree of bond market integration with the EMU countries (Söderström, 2009 ). The point above is that the loose, pre-EMU exchange rate peg, with bands of AE15%, seems to account for little of the convergence in long-term bond yields in figure 1 ; instead, 
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To what extent could convergence in fiscal policy, as required by the Maastricht Treaty and the Stability and Growth Pact, and a corresponding reduction in credit risk explain the convergence of euro-area long-term bond yields? Denmark, Sweden, and the United Kingdom all met the Stability and Growth Pact criteria for fiscal discipline throughout our sample-in fact, behaving better than some EMU member countries in this respect. Yet bond yields in Sweden and the United Kingdom display relatively little convergence toward those of the euro area. This suggests that greater fiscal restraint on the part of Italy and Spain was not a major factor in bringing those countries' yields into line with those of France and Germany.
Additional evidence that pre-EMU fiscal policy was not a major factor behind bond yield spreads is provided in figure 4 , which depicts long-term bond yields for the three largest U.S. states: California, New York, and Texas.
17 Like the EMU nations, these three states share a common currency and a unified monetary policy. Unlike the euro area, there is no equivalent of the Maastricht criteria for U.S. states-their fiscal policies are restricted only by political and market forces. Indeed, the relative fiscal positions of these three states has varied widely in recent years, along with the booms and busts in the technology, finance, and oil industries. Yet the comovement of U.S. state bond yields in figure 4 is remarkably similar to the comovement of euro-area bond yields since EMU in figure 1 (note the difference in the scale of the vertical axes). The average daily spread between the lowest and highest yield in figure 4 is just 17 basis points, and the maximum difference is 54 basis points, very similar to the values for the eurozone bonds since EMU. Moreover, in figure 4 , the ebb and flow of default risk is clearly discernible: from July 1999 through 16 This point is related to the literature on interest rate behavior under credible exchange rate pegs; see Benigno, Benigno, and Ghironi (2007) for a theoretical model. 17 These data are the ten-year general obligation bond index for each state from Bloomberg Financial Services. Note that unlike the eurozone bonds in figure 1, these U.S. state government bonds receive favorable tax treatment in the United States, so one should not read too much into differences in the levels of yields across figures 1 and 4. We will focus instead on comovement and yield spreads within each figure.
April 2001, California's fiscal position strengthened as a result of tax revenues from the technology boom of the late 1990s, and California's long-term yields averaged about 25 basis points lower than those of New York and Texas. From January 2002 through June 2004, and again more recently, California faced severe budget crises, and its long-term bond yields averaged roughly 25 basis points higher than those of New York and Texas. Thus, the relatively wide swings in California's fiscal position in relation to New York and Texas seem to account for no more than 50 basis points of yield premium (from À25 to þ25 bp) over this whole period. Translating this observation over to the euro area, it suggests that the convergence in fiscal policy required by Maastricht and the Stability and Growth Pact was probably not very important for longterm bond yield convergence in the EMU, perhaps accounting for less than 1 out of the 8-percentage-point reduction in spreads in figure 1 .
Again, this should not be taken as saying that the fiscal requirements of Maastricht and the Stability and Growth Pact were unimportant for EMU. Indeed, one can imagine that EMU might not have been possible without these requirements. Our results simply suggest that the fiscal convergence criteria themselves, and any reduction in credit risk that they implied, were probably not very important for bond market convergence relative to financial markets' anticipation of the elimination of exchange rate risk and a unified, credible monetary policy.
VI. Conclusion
We find much evidence that monetary union in Europe has effectively created a single, unified euro-area bond market, despite the fact that there may be credit risks that differ across countries and liquidity characteristics that may vary from one sovereign bond to another. In fact, the ongoing financial crisis demonstrates that such credit and liquidity premia can at times still affect yield spreads across euroarea countries, but these spreads are still very small compared to the period before EMU. Our analysis shows that bond yield convergence in the euro area has taken place not only for the level of bond yields across countries but also for their day-to-day movements, both unconditionally and conditional on their responses to major macroeconomic announcements.
Moreover, we find evidence of convergence in the anchoring of long-term inflation expectations in the euro area, as reflected in the behavior of far-ahead forward nominal interest rates. All of the countries in our sample experienced some degree of improvement, but the gains have been the most dramatic by far for Italy and Spain, which over time have attained far-ahead forward interest rates that are now as low and as stable as those of Germany and France, a remarkable achievement.
A comparison of EMU countries to the United Kingdom, Denmark, and Sweden suggests that convergence in fiscal policy, the relatively loose exchange rate peg of the 1990s, or even the common currency itself were not very important for the convergence of long-term bond yields in the euro area. Instead, financial market anticipation of the adoption of a unified monetary policy and the elimination of exchange rate risk across countries seem to have been the primary factors driving bond market convergence. Denmark is particularly interesting, since it has experienced the same degree of bond market convergence as the EMU nations, despite the fact that Denmark has not adopted the euro per se, instead choosing to tightly link its currency and monetary policy to the euro and ECB. Our results are thus relevant not only for the euro area, but also for the design of common currency areas in general and for credible fixed exchange rate regimes such as those in Hong Kong and the Middle East.
In contrast to the strong evidence for convergence in financial markets from 1993 to 2008, Canova et al. (2007) find a much lower degree of convergence in the real economies of the euro area. This highlights interesting issues for the conduct of monetary policy, which is transmitted to the national economies through financial markets in a rather homogeneous way yet faces substantial heterogeneity with regard to the real economy. Other interesting questions are whether convergence in financial markets fosters further real convergence and how default and liquidity risk premia in the current financial crisis will evolve once the financial turmoil is over. We leave these important questions for future research.
Finally, note that we completed our analysis in the fall of 2008, before financial market concerns about a sovereign default crisis in Greece, Ireland, and Portugal began to emerge. It would be very interesting to extend our analysis to these three euro-area countries and examine how bond markets in those countries behaved relative to those of France, Germany, Italy, and Spain before during, and after the crisis.
